We study the rare decays of B . In these experiments, most of rare B c decays should be accessible.
Introduction
(CQM) [18, 19] , to evaluate the form factors. This paper is organized as follows. In Sec. 2, we calculate the form factors for
transitions in the LFQM and CQM. In Sec. 3, we study the differential rates and branching ratios of B + c → P ll and B + c → V ll decays with l = ν, e, µ, τ and P (V ) = pseudoscalar (vector) meson, respectively. We also compare the results in the two models. Our conclusions are given in Sec. 5.
Formalism and Models

Matrix Elements
To get the transition matrix elements of B + c → P (V ) with various quark models, we parametrize them in terms of the relevant form factors as follows:
where M i (i = B c , P, V ) are the meson masses, p 1 (p 2 ) is the momentum of the initial (final) meson, ǫ is the vector meson polarization vector, P = p 1 + p 2 , q = p 1 − p 2 , V µ =q 2 γ µ q 1 , A µ =q 2 γ µ γ 5 q 1 , T µν =q 2 iσ µν q 1 , T 5 µν =q 2 iσ µν γ 5 q 1 , and F ±,T , V , A 0,± , g, and a 0,± are the form factors.
Since the calculations of the transition form factors in Eq. (1) belong to the nonperturbative regime, the phenomological quark models may be needed. One thing worthwhile mentioning here is that all of form factors will be studied in the time-like physical meson
As q 2 decreases (corresponding to the increasing recoil momentum), we have to start considering relativistic effects seriously. In particular, at the maximum recoil point of q 2 = 0 where the final meson could be highly relativistic, there is no reason to expect that the non-relativistic quark model is still applicable. A consistent treatment of the relativistic effects of the quark motion and spin in a bound state is a main issue of the relativistic quark model.
LFQM
The LFQM [20, 21] is the relativistic quark model in which a consistent and fully relativistic treatment of quark spins and the center-of-mass motion can be carried out. This model has many advantages. For example, the light-front wave function is manifestly Lorentz invariant as it is expressed in terms of the momentum fraction variables (in "+" components) in analog to the parton distributions in the infinite momentum frame. Moreover, hadron spin can also be correctly constructed by using the so-called Melosh rotation. The kinematic subgroup of the light-front formalism has the maximum number of interactionfree generators including the boost operator which describes the center-of-mass motion of the bound state (for a review of the light-front dynamics and light-front QCD, see Ref.
[22]).
The LFQM has been applied to study the heavy-to-heavy and heavy-to-light weak decay form factors in the timelike region [16, 23] . These calculations are based on the observation [24] that in the frame where the momentum transfer is purely longitudinal, i.e., q ⊥ = 0, q 2 = q + q − covers the entire range of momentum transfers. The price one has to pay is that, besides the conventional valence-quark contribution, one must also consider the non-valence configuration (or the so-called Z graph) arising from the quarkpair creation in the vacuum. Unfortunately, a reliable way of estimating the Z graph is still lacking. However, the non-valence contribution vanishes if q + = 0, and it is supposed to be unimportant for heavy-to-heavy transitions [16] . In this paper, all of the values obtained from LFQM are based on the formulas in Refs. [16, 17] .
CQM
As mentioned in Sec. 1, there are also other theoretical approaches for calculating the form factors. However, the theoretical uncertainties are large and each of these methods has only a limited range of applicability. For example, the model with QCD sum rules gives good results for the form factors at the low q 2 region; whereas the lattice QCD is appropriate only at the high q 2 one. In spite of that the quark models can be used to evaluate the form factors in the full q 2 range, they are not closely related to the QCD Lagrangian and have many input parameters which are not measurable directly.
Therefore, a relativistic constituent quark model is suggested in Ref. [25] which combines several theoretical methods such as the constituent quark models, QCD sum rules, lattice QCD calculations, and analytical constrains. This model used the light-cone technique with the relativistic double spectral representations in the initial and final meson wave functions. Explicitly, they calculated the form factors at q 2 < 0, i.e. the space-like region, by choosing P ⊥ = 0, q + = 0, and q 2 ⊥ = −q 2 . In order to obtain the form factors in the q 2 > 0 region, in Ref. [25] , some modifications from the space-like formulas were used to get their values in 0 < q
It is known that in the time-like region q 2 > 0, there are the normal and anomalous parts, respectively. The result for the former is the same as that for q 2 < 0, but for the latter it can be ignored for small q 2 > 0 and
In this paper, we will evaluate the form factors of
d,s in the CQM by using the results in Refs. [18, 19] . In our calculations, we first compute the values for the normal part in 0 < q
2 and then extrapolate them to get those in the remaining regions.
Form factors
As in Refs. [16, 17, 18, 19] , in this paper we choose the Gaussian-type meson wave function for both LFQM and CQM to calculate the form factors, i.e.,
where k and ω H are the internal momentum and the scale parameter of H meson, respectively.
To find the numerical values of the form factors in the two models, we need to specify the parameters appearing in the wave functions. In the LFQM, we use the decay constants to constrain the quark masses and ω H in Eq. (2) [16] . However, since the decay constants of heavy mesons are unknown experimentally, we have to rely on results in other QCD models such as the lattice QCD. Explicitly, we take [2, 8] f Bc = 360 MeV,
which fix the scale parameters to be
respectively. In our calculations, we also take M Bc = 6.4 GeV and τ Bc = 0.46 × 10 −12 s.
In order to compare the numerical values in the LFQM and CQM, we shall use the same decay constants, quark masses and scale parameters in both models.
Based on the parameters in Eqs. (3) and (4) Table 1 . From the table, we see that the values of the form factors at q 2 = 0 in the LFQM and CQM agree well with each other except A ± (0). However, as shown in Figures 2 and 3 , the results at large q 2 in the two models are quite different. 
where G F is the Fermi constant,
tq is the product of the CKM elements, and the m t dependent function of D (x t ) can be found in Refs. [27, 28] .
where the coefficients C ef f 8 , C 9 and C 7 are Wilson coefficients defined, e.g., in Refs. [28, 29] .
From Eqs. (5) and (6), the differential decay rates for B + c → Hll (H = P, V ) are found to be [30, 31] 
and Tables 2 and 3 , respectively, where LD effects for the charged lepton modes are not included. With the LD effects, we introduce some cuts close to q 2 = 0 and around the resonances of J/ψ and ψ ′ and study the three regions as follows
M J/ψ + 0.04 < q 2 < M ψ ′ − 0.10 ;
where q In Table 4 , we present the decay branching ratios in terms of the regions shown in Eq.
(11). (11) should reduce the contributions from the virtual photon diagrams.
Conclusions
We have studied the rare B c decays of B Clearly, some of the above rare B c decays can be measured at the BTeV and LHC-B experiments. 
The curves with and without resonant shapes represent including and nonincluding LD contributions, respectively. 
